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(57) ABSTRACT 
An integral, lightweight combustion chamberlnozzle assem- 
bly for a rocket engine has a refractory metal shell defining 
a chamber of generally fmsto-conical contour. The shell 
communicates at its smaller end with a rocket body, and 
terminates at its larger end in a generally contact contour, 
which is open at its terminus and which serves as a nozzle 
for the rocket engine. The entire inner surface of the refrac- 
tory metal shell has a thermal and oxidation barrier layer 
applied thereto. An ablative silica phenolic insert is bonded 
to the exposed surface of the thermal and oxidation barrier 
layer. The ablative phenolic insert provides a chosen inner 
contour for the combustion chamber and has a taper toward 
the open terminus of the nozzle. 
A process for fabricating the integral, lightweight combus- 
tion chamberlnozzle assembly is simple and efficient, and 
results in economy in respect of both resources and time. 
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In another aspect, the present invention is a process for 
fabricating the integral, lightweight combustion chamber/ 
nozzle assembly, which process is set forth in detail here- 
inafter. 
The integral, combustion chamberinozzle assembly 
according to the present invention is simple in design and is 
much lighter than conventional combustion chamberinozzle 
assemblies, making it a highly desirable replacement assem- 
bly for these reasons alone. Moreover, the integral combus- 
tion chamberinozzle assembly according to the present 
invention is not actively cooled, as are the assemblies of the 
prior art, so that there is no need for cooling passages 
therein. Fabrication is therefore greatly simplified, and 
accordingly accelerated, resulting in a highly desirable 
economy in respect of both resources and time. 
During the firing operation of a rocket engine employing 
the integral, lightweight combustion chamberinozzle assem- 
bly of the present invention, resins boil off from the ablative 
silica phenolic insert, thereby cooling the inner surface of 
the insert and leaving behind a layer of char. This layer of 
char, along with the remaining silica phenolic layer, acts as 
an insulator and protects the refractory metal shell against 
overheating. The thickness of the ablative insert is chosen so 
that the layer of char does not penetrate too deeply during 
the design life of the combustion chamberinozzle assembly. 
During the firing operation of a rocket engine employing 
the integral, lightweight combustion chamberinozzle assem- 
bly of the present invention, the temperature inside the 
combustion chamberinozzle assembly decreases toward the 
open end of the nozzle. Therefore the thickness of the 
ablative silica phenolic insert is fashioned to taper down 
toward the open terminus of the nozzle, at which terminus 
the refractory metal can, along with the thermal and oxida- 
tion layer applied thereto, survive without any ablative 
protection. 
BRIEF DESCRIPTION OF THE DRAWINGS 
For a more complete understanding of the present 
invention, including its primary objects and attending 
benefits, reference should be made to the Detailed Descrip- 
tion of the Preferred Embodiments, which is set forth below. 
This description should be read in conjunction with the 
attached drawings, wherein: 
FIG. 1 is a schematic depiction of an integral, lightweight 
combustion chamberinozzle assembly for a rocket engine, 
according to the present invention, showing the cooperative 
combination of its essential components; 
FIG. 2 schematically depicts a refractory metal shell 
sprayed onto a graphite mandrel by vacuum plasma 
spraying, according the process of the present invention; and 
FIG. 3 schematically depicts a vacuum plasma sprayed 
shell of a refractory metal deposited on a graphite mandrel 
with additional material deposited so that a flange can be 
machined after the mandrel has been removed. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
Referring now to the drawings, FIG. 1 schematically 
depicts the integral, lightweight combustion chamberinozzle 
assembly for a rocket engine according to the present 
invention as including a refractory metal shell 10 which 
defines a chamber of generally fmsto-conical contour. 
Refractory metal shell 10 communicates at its base or 
smaller end with a rocket body, and terminates at its larger 
end in a tube of generally conical contour which is open at 
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APPLI CAT1 ON 
This application is a continuation of U.S. Application Ser. 
No. 09 1134,703, filed Aug. 14, 1998, now U.S. Pat. No. 
6,164,060, which claims the benefit of U.S. Provisional 
Application No. 601057,004, filed Aug. 18, 1997. 
ORIGIN OF THE INVENTION 
The invention described herein was made by employees 
of the United States Government and may be manufactured 
and used by the Government for governmental purposes 
without the payment of any royalties thereon or therefor. 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates generally to rocket engines. It 
relates in particular to a combustion chamberinozzle assem- 
bly for a rocket engine and to a process for its fabrication. 
2. Description of Related Art 
Conventional combustionichamber nozzle assemblies for 
rocket engines are usually actively cooled. That is, they 
generally contain integral cooling passages for cooling fluid 
within the combustion chamber and nozzle walls, which 
tubular cooling passages are fed by manifolds. A complex, 
weighty structure is presented, the fabrication of which 
requires the construction and assemblage of multiple piece 
parts through numerous procedural steps, including 
machining, plating, welding, and brazing. Such a complex, 
weighty structure, as well as its complicated method of 
fabrication, are both disadvantageous and in need of 
improvement, as is well known in this art. 
Summary of the Invention 
It is accordingly a primary object of the present invention 
to provide what is lacking in the prior art, especially a 
simple, yet highly efficient, lightweight integral combustion 
chamberinozzle assembly for a rocket engine. It is also a 
primary object of the present invention to provide an uncom- 
plicated and highly reliable process for the fabrication of a 
simple, lightweight integral combustion chamberinozzle 
assembly for a rocket engine, which process is effective and 
highly efficient, especially in respect of the utilization of 
time and materials. 
These objects and other related benefits are achieved by 
the present invention, which in one aspect thereof is an 
integral, lightweight combustion chamberinozzle assembly 
which has a shell of a refractory material, such as an alloy 
of niobium, having a configuration defining a chamber of 
generally fmsto-conical contour. The chamber communi- 
cates at its smaller end with a rocket body, and terminates at 
its larger end in a cone open at its terminus, which serves as 
a nozzle for the rocket engine. The inner surface of the 
chamber has applied thereto a thermal and oxidation barrier 
layer, especially of a silicide or aluminum oxide. An ablative 
silica phenolic insert, which is bonded to the thermal and 
oxidation barrier layer, is configured to provide a chosen 
inner contour for the combustion chamber. 
The ablative silica phenolic insert additionally has a taper 
or reduction in thickness toward the open terminus of the 
nozzle. 
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the end thereof and which serves as a nozzle for the rocket thereof and which serves as a nozzle for the rocket engine; 
engine. Projecting rim or integral flange is formed at the (2) the entire inner surface of the refractory metal shell 
open end of the chamber. The refractory metal shell 10 has having applied thereto a thermal and oxidation barrier layer; 
8 protective inner layer 12 which acts as an oxidation as well and (3) an ablative silica phenolic insert bonded to the 
as a thermal barrier. Bonded inside the shell is an ablative 5 exposed surface of the thermal and oxidation barrier layer 
silica phenolic insert 13. and configured to provide an inner contour for the combus- 
The shell 10 is manufactured from a refractory niobium tion chamber, the ablative silica phenolic insert having a 
such as Niobium c-129y which is taper or gradual reduction in thickness thereof toward the 
available commercially. The method of manufacture con- open terminus of the nozzle; which process comprises: 
sists of vacuum plasma spraying (VPS) the alloy 10 on a 
graphite mandrel 14, as seen in FIG. 2, using standard 
techniques, well known in the art. The inner protective layer 
12 may be applied by either VPS or by coating. The VPS 
method applies a layer such as aluminum oxide to the 
graphite mandrel and then transitions into the refractory 15 
alloy. Using this option, VPS is started--initially with the 
thermal and oxidation barrier material such as aluminum 
oxide, and then a gradual transition is made to the refractory 
metal, followed by continuing with the refractory metal to 
provide the required thickness thereof. An alternative 2o 
method is to apply a silicide coating by standard methods to 
the shell interior after it has been removed from the mandrel. 
The difference between the coefficients of thermal expansion 
of the refractory metal and the graphite permits the shell to 
be easily removed from the mandrel after the parts cool 25 
following the VPS process. FIG. 3 shows a vacuum plasma 
sprayed shell 10 deposited on the graphite mandrel 14 with 
additional material 15 deposited on the small end so a flange 
can be machined after the mandrel is removed. Another 
method of fabricating the flange is to machine it from 3o 
wrought material and then weld it onto the VPS deposited 
shell. 
The ablative silica phenolic insert, 12, is made by wrap- 
ping commercially available silica phenolic tape on a steel 
mandrel which is configured to produced the desired inner 35 an alloy if niobium, 
contour of the combustion chamber. The tape is laid UP at an 3, A process for fabricating an integral, lightweight corn- 
angle to the Part centerline, SO that the edge ofthe tape Will bustion chamber/nozzle assembly wherein said assembly 
be exposed to the high internal temperatures. This tape comprises (1) a shell of refractory metal having a configu- 
wrapped billet is cured using standard techniques and then ration defining a chamber of generally frusto-conical 
the exterior is machined to match the interior of the refrac- 40 contour, the refractory metal shell having an inner and an 
tory metal shell. The ablative insert is then bonded onto the outer surface and communicating at its base or larder end 
inside of the metal shell, completing the combustion with a rocket body, and terminating at its smaller end in a 
chamberinozzle assembly. tube of generally cylindrical contour which is open at the 
The silica phenolic insert takes advantage of an ablative terminus thereof and which servers as a nozzle for the rocket 
process. During a firing of the rocket engine, resins boil off 45 engine; (2) the entire inner surface of the refractory metal 
from the silica phenolic, cooling the surface of the insert and shell having applied thereto a thermal and oxidation barrier 
forming a char layer. This layer acts as an insulator, pro- layer; and (3) an ablative silica phenolic insert bonded to the 
tecting the refractory metal shell. The ablative thickness is exposed surface of the thermal and oxidation barrier layer 
chosen such that the char layer will not penetrate too deeply and configured to provide an inner contour for the combus- 
during the design life of the unit. As the temperature drops so tion chamber; the ablative silica phenolic insert having a 
toward the exit of the nozzle, the ablative insert is extended taper or gradual reduction in thickness thereof toward the 
to a point where the temperature is low enough to be handled open terminus of the nozzle; which process comprises: 
by the refractory metal in combination with its protective (a) providing a graphite mandrel having a shape con- 
inner layer or coating. forming to the configuration of the metal refractory 
(a) providing a graphite mandrel having a shape con- 
forming to the configuration of the metal refractory 
metal shell; 
(b) applying a coating of a refractory metal on the entire 
surface of the graphite mandrel by vacuum plasma 
spraying of the refractory metal; 
(c) removing the coating of refractory metal from the 
graphite mandrel after the coating and mandrel have 
cooled to provide a refractory metal shell; 
(d) applying a silicide coating to the entire interior 
surface of the refractory metal shell; 
(e) providing a steel mandrel having a shape conform- 
ing to a chosen inner surface contour for the com- 
bustion chamber; 
(0 wrapping a silica phenolic tape around the surface of 
the steel mandrel to provide a silica phenolic tape 
wrapped billet; 
(9) curing the silica phenolic tape wrapped billet; 
(h) machining the exterior surface of the cured silica 
phenolic tape wrapped billet to conform to the inte- 
rior surface of the refractory metal shell coated with 
silicide, thereby producing an ablative insert; and 
(i) bonding the ablative insert to the silicide coating on 
the interior surface of the refractory metal shell. 
2. The process of claim 1, wherein the refractory metal is 
If the temperature of the interface between the ablative 
insert and the refractory metal shell is too high to achieve a 
reliable bond, mechanical attachment, such as pinning, can 
be incorporated. 
We claim: 
1. A process for fabricating an integral, lightweight com- 
bustion chamber/nozzle assembly wherein said assembly 
comprises (1) a shell of a refractory metal having a con- 
figuration defining a chamber of generally fmsto-conical 
contour, the refractory metal shell having an inner and an 
outer surface and communicating at its base or smaller end 
with a rocket body, and terminating at its larger end in a 
generally conical contour which is open at the terminus 
55 metal shell; 
(b) applying a coating of a material which provides a 
thermal and oxidation barrier for the refractory metal 
onto the entire surface of the graphite mandrel by 
vacuum plasma spraying; 
(c) continuing the vacuum plasma spraying of the 
material which provides a thermal and oxidation 
barrier for the refractory metal onto the graphite 
mandrel and effecting a gradual transition from the 
vacuum plasma spraying of this material onto the 
graphite mandrel to the vacuum plasma spraying of 
the refractory metal onto the graphite mandrel, 
thereby producing a combined coating; 
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(d) removing the combined coating of refractory metal 
and material which provides a thermal and oxidation 
barrier for the refractory metal from the graphite 
mandrel after the combined coating and graphite 
mandrel have cooled to provide a refractory metal s 
shell transitioning to an inner layer thereon of a 
material which provides a thermal and oxidation 
barrier for the refractory metal; 
(e) providing a steel mandrel having a shape conform- 
ing to a chosen inner surface contour for the com- i o  
bustion chamber; 
(0 wrapping a silica phenolic tape around the surface of 
the steel mandrel to provide a silica phenolic tape 
wrapped billet; 
rior surface of the refractory metal shell which is a 
layer of a material which provides a thermal and 
oxidation barrier for the refractory metal, thereby 
producing an ablative insert; and 
(i) bonding the ablative insert to the material which 
provides a thermal and oxidation barrier for the 
refractory metal shell. 
4. The process of claim 3, wherein the refractory metal is 
an alloy of niobium. 
5 .  The process of claim 4, wherein the material which 
provides a thermal and oxidation barrier for the refractory 
metal is aluminum oxide. 
6. The process of claim 3, which additionally comprises 
forming a projecting rim or integral flange from refractory 
is metal at the terminus of the nozzle. (g) curing the silica phenolic tape wrapped billet; 
(h) machining the exterior surface of the cured silica 
phenolic tape wrapped billet to conform to the inte- * * * * *  
